Abstract--Twenty-nine chlorites, seventeen lithium-free micas, and twenty-two lithium-bearing micas from diverse localities have been studied by X-ray diffraction, microprobe, and optical second harmonic generation (SHG) techniques to determine which are noncentric and the cause ofacentricity. Manandonite (B-rich chlorite) and cookeite, both crystallizing in the Ia form, are acentric. Sudoite-IIb gave a questionable SHG signal, possibly indicating acentricity. All other chlorites gave null signals. Bityite, a Li,Be mica similar to margarite, was determined from the positive SHG response to be acentric. It crystallizes in the 2Mj form and, by analogy to margarite, is ordered tetrahedrally in subgroup symmetry, Cc. Masutomilite-1M and "cryophyllite"-1M (a zinnwaldite high in A1 and Si, but low in Fe) are acentric and most probably crystallize in space group C2, thus allowing a noncentric octahedral ordering pattern. Lepidolites showed a diversity in SHG response with only a few being acentric; a lepidolite-lM from Mesagrande, California, a lepidolite-3T from Windhuk, South West Africa, and a lepidolite-2Mz from Nagatare, Japan, gave positive SHG responses. The Japanese material is complexly intergrown and twinned, and intergrain reflection or refraction may have produced spurious signals.
INTRODUCTION
Clay mineral structures may he acentric for several reasons. Serpentine minerals lack a center of symmetry because of the very nature of their silicate layers, which consist of one oetahedral sheet and one tetrahedral sheet with apical oxygens of a single polarity. Other clay minerals, because of differences in the stacking of successive silicate layers, may be acentric in overall structure even when individual layers are centric. In structures containing more than one cation species occupying sites with similar coordination, an acentric structure may develop when the cations order or order partially. Several such examples have been confirmed by X-ray diffraction analysis (Guggenheim and Bailey, 1977, 1978; Guggenheim, 1981) and by infrared techniques (Farmer and Velde, 1973) . Bailey (1975) considered different patterns of atomic ordering, several of which may produce an acentric structure. Because of the large number of variables involved, characterization of the cause or causes of the noncentric nature of the structure is difficult. In fact, it is often very difficult by X-ray diffraction methods to establish if the structure is acentric or not, particularly if the cations are centrosymmetrically arranged and the anions are not.
Copyright 9 1983, The Clay Minerals Society Franken et al. (1961) found that acentric materials emit light at twice the frequency of impinging laser light. Such an effect, known as second harmonic generation (SHG), is produced from the electric field of the laser pulse interacting with the outer electrons of highly polarizable atoms such as oxygen or hydrogen. In contrast to the Glebe and Scheibe (1925) piezoelectric test or techniques that involve crystal morphology, etch figures, or pyroelectricity to determine acentricity, SHG appears to be reliable, rapid, and sensitive (Kurtz and Dougherty, 1979) .
Preliminary studies to test the reliability of SHG have only recently been made. Kurtz and Perry (1968) found that the second harmonic signal may be reduced by a decrease in the amount of sample or sample layer thickness, and by absorption effects of the sample. In addition, the intensity may decrease also with decreasing particle size (Kurtz and Perry, 1968; Newnham et al., 1977) and with twinning (Newnham et aL, 1977) . The signal may either decrease or increase due to preferred orientation (Kurtz and Perry, 1968) and, in several instances, spurious signals (Kurtz and Perry, 1968) can be produced by effects other than the optical harmonics of the sample under study. These effects include damage by grinding, intergrain reflection or refraction, and the presence of noncentric contaminants. Care in sample preparation reduces some causes of spurious signals. Moreover, the other effects producing these signals may be recognized by large bandwidth differences between the second harmonic and a spurious signal, as well as by the signal wave shape or duration.
A limited number of layer silicates have been studied by SHG to determine noncentric structures. Bish et al. (1979) and Horsey ( 1981 ) showed that all studied samples of zinnwaldite-1M, margarite-2Mt, and ephesite-2M~ generated signals and that muscovite-2M~, phlogopite-lM, clintonite-lM, and biotite-lM did not. In addition, Horsey found that a montmorillonite, a penninite, a vermiculite, and two talcs did not produce signals. Guggenheirn (unpublished data) found also that six vermiculites and two interstratified (10-A and 14-/~ phases) samples did not produce signals. Of four lepidolites studied by Horsey, a lepidolite-lM from Tanakamiyama, Japan, produced a signal and was later shown by Guggenheim (1981) to have a noncentric octahedral ordering pattern. Guggenheim (1981) concluded that not all lepidolite-lM micas are similarly ordered; thus it seems reasonable to assume that other layer silicate species may show variations as well. The present paper reports SHG, chemical, and X-ray diffraction data on a large number of layer silicates in an attempt to identify acentric materials.
EXPERIMENTAL
A SHG instrument similar to that described by Bish et al. (1979) was used, except that higher bandwidth electronics and a cooled photomultiplier tube housing were added for noise reduction. To avoid a system that was too sensitive and which would detect higher order effects not related to acentricity (quadrupole interactions, etc.), the system was calibrated with standardized powdered quartz and BaTiO3 ceramic samples (Dougherty and Kurtz, 1976) .
Cleavage flakes were optically examined under polarized light at 125• to eliminate possible spurious signals due to foreign material. All flakes containing inclusions and other impurities were rejected. Most samples were examined in single crystal form either as large flakes or groups of flakes with the laser pulses directed perpendicular to the (001) plane to minimize the effects of grinding, reflection, and refraction. Because of this sample orientation, the test being only sensitive to asymmetries perpendicular to the laser beam, and the lack of a defined zero level in SHG analysis, the test cannot be used to prove a centric structure.
The integrated intensity of the second harmonic signal, the number of signal spikes, and the correlation to the fundamental were used to determine acentricity. Emphasis was placed on the latter two because most signals were weak. At least six laser firings (each firing containing 20 to 200 lasing pulses) were made for each sample. The results fall into three categories: null or no signal for all firings, a positive signal for all firings, and a questionable signal. A questionable signal represents inconsistent results (a sequence of null and positive firings with one or two signal spikes of low intensity). To minimize the possibility of laser damage, the test was started at a minimum power level and the average intensity was increased at successive firings. This procedure allowed a judgment of the degree of laser-damage-induced SHG signal. If when returning to low power the signal was significantly increased, it was assumed that damage had occurred. It is difficult to assign a value to the minimum signal, but the level is probably two to three orders of magnitude below that given by powdered quartz.
Compositional data were obtained from a threespectrometer MAC-5 automated electron microprobe using the data-reduction procedure of Bence and Albee (1968) and incorporating the alpha factors of Albee and Ray (1970) . Analyses of Ni and Zn were obtained using a modified ZAF procedure based on the "Magic" program ofJ. W. Colby of Bell Telephone Laboratories, Allentown, Pennsylvania. Analyses of F, Na, Mg, and A1 were made with a RAP crystal and flow proportional counter spectrometer, Si, K, Ca, Ti, Rb, and Cs with a PET crystal, and Cr, Mn, Fe, Ni, Zn, and Ba with a LiF crystal. The LiF crystal was used with sealed proportional counter spectrometers. Each analysis represents an average of at least three individual analyses and, generally, many more. The electron beam was broadened and the sample current kept as low as possible to minimize sample damage. Standards used were: hornblende, Kakanui, New Zealand (Smithsonian sample #NMNH-143965), for Si, A1, Fe, Mg, Ca, Na, Ti; benitoite, San Benito County, California (NMNH-86539), for Ba; microcline, locality unknown (NMNH-143966), for K; albite, Amelia County, Virginia, for Na; lepidolite, Radkovice, Czechoslovakia, for F, Rb, Cs; hypersthene, Johnstown, Colorado, meteorite (NMNH-746) for Cr; fayalite, Rockport, Maine (NMNH-85276), for Mn; and zinc and nickel metal.
All samples were examined by Debye-Scherrer or Gandolfi X-ray powder methods and, for those samples giving positive SHG signals, by the single crystal Buerger precession X-ray method. Specimens for powder analysis were prepared by abrading a cleavage plate with an iron file to prevent structural damage by grinding that might reduce the X-ray intensities of reflections. For samples producing null or questionable SHG signals, polytype information given in the tables most likely represents the dominant stacking sequence in the specimen inasmuch as only a small sample portion was examined. The single crystal analyses of all other samples allowed an assessment of relative crystallinity and stacking regularity, in addition to a confirmation of polytype as determined from the powder films. Because the IM and 3T polytypes are indistinguishable from powder patterns, the single crystal analysis proved useful to differentiate the two. Samples showing noncentric contaminating phases in the X-ray analysis were removed from further consideration.
Because bityite (Li,Be-rich mica) and manandonite (B-rich chlorite) have not been extensively studied, the type specimens (bityite: Harvard #87680; manandonite: NMNH #140978) were also analyzed by ion microprobe by Ian M. Steele of the University of Chicago following the procedures outlined in Steele et al. (1981 ) . Because a lithium layer-silicate standard was unavailable, the analysis was determined by reference to countrate ratios of each unknown to a spodumene assumed to be stoichiometric. Boron and beryllium analyses were determined using published data (Meyer, 1978; Gittens et al., 1972) for relative secondary ion yields of each element relative to aluminum. Count rates for B, Be, and A1 were measured and approximate B/A1 and Be/A1 ratios derived and combined with the electron microprobe data to produce ratios for bityite (Si: AI:Li:B:Be:Ca = 5.18:7.41:1.70:0.61:3.41:2.37) and for manandonite (5.28:8.87:3.19:2.22:0.02:0.01). These ratios yield structural formulae of Ca0.gLi0.65Alz.~(Alo7 Bet.3Sil.97O10(OH)2 and Lil.55A14.o(Bi.0~lSiz.svA10.35)Oi0 (OH)8, respectively. Error estimates are believed to be better than a factor of two (Steele et aL, 1981) . Data on composition, polytypes and SHG are given in Table  1 for the micas, Table 2 for the lithium-rich micas, and Table 3 for the chlorites. Because lithium cannot be analyzed by electron microprobe, all of those samples given in Table 2 may not have appreciable amounts of lithium, particularly those of the 2M~ polytype which may be closer to lithian muscovite in structure (Levinson, 1953) .
DISCUSSION

Micas
Lithium,beryllium micas from four localities were examined (Table 2 , samples 1--4). Compositional data for the type locality sample of bityite, as determined by ion and electron microprobes, confirm previous wet chemical and spectroscopic analyses for bityite as described by Fleischer (1950) . A small, highly twinned (see Strunz, 1956 ) sample from Mr. Bity gave a positive SHG signal, as did untwinned samples from the Mops and No Beer Pegmatites, which contained less lithium and beryllium. The sample from the Namaherere Mine gave a questionable signal, but this sample is intermixed with substantial amounts of muscovite which would attenuate the signal. Consequently, it is likely that each of these samples is acentric.
The Li,Be micas form a compositional series from the trioctahedral end member of bityite to the dioctahedral end member, margarite, with vacancy and aluminum replacement for lithium and beryllium, respectively. Margarite-2M~ has been shown by Guggenheim and Bailey (1977) to have a nearly ordered silicon and aluminum tetrahedral pattern that violates the center of symmetry of the ideal space group C2/c. The Li,Be micas, also crystallizing as 2M~, may form a similar pattern with the ordering of A1, Be, and Si tetrahedra. Farmer and Velde (1973) suggested such a pattern from infrared spectra, and Lin and Guggenhelm (1983) confirmed this pattern by a single crystal X-ray refinement of the Mops sample.
The other lithium-rich micas gave a wide range of results. The Mn analogue ofzinnwaldite, masotumilite (sample 21, Table 2 ), produced a relatively strong SHG response. Although the ideal space group is C2/m for the 1M polytype of zinnwaldite, Guggenheim and Bailey (1978) showed that aluminum prefers an octahedral site that is related by a pseudomirror plane to a larger, lithium-and iron-rich octahedral site. Masotumilite, by analogy, probably has similar octahedral ordering and therefore also maintains a reduced symmetry to space group C2.
A variety ofzinnwaldite (sample 15, Table 2 ), known as "cryophyllite" in the older literature (Foster, 1960) , is high in aluminum and silicon, and contains less iron. Although this specimen gave a relatively strong positive SHG signal, the iron-rich biotite (sample 17, Table  1 ) from the same locality did not. However, the latter sample is very dark and may be opaque to the laser pulse.
The lepidolite-1M (sample 13, Table 2 ) from Mesagrande, California, has regular stacking and produced a second harmonic signal equal approximately in response to that of zinnwaldite. The chemical analysis implies few possible cation-ordering effects, except A1 for Si tetrahedrally, or Li (and vacancy) for aluminum octahedrally. By analogy with the recent refinement of lepidolite-1M (Guggenheim, 1981) from Tanakamiyama, Japan, in which A1 is related by a pseudomirror plane to a larger octahedral site, this mica may have a similar (and acentric) octahedral ordering pattern.
The lepidolite-2M2 (sample 18, Table 2 ) from Nagatare, Japan, is the only sample of that polytype that produced a positive SHG signal. Optical microscope and X-ray diffraction precession examinations indicate complex twinning and intergrowths making further single crystal X-ray study difficult. The partial chemical analysis presented in Table 2 is comparable to that of the Mesagrande lepidolite, and similar arguments can be made that octahedral cation ordering may be responsible for noncentrosymmetry in this structure. Twinning, therefore, may be related to the unique ordering scheme. However, it is unclear whether twinning (causing reflection and/or refraction at twin boundaries) may produce the positive SHG response; these conclusions are therefore, tentative.
The positive (although very weak) SHG response from the manganoan phlogopite ("manganophyllite") from Langban, Sweden (sample 11, Table 1 ) and a Kato et al. (I 979) were re-examined. The refinement follows the procedure summarized by Guggenhelm (1981) and involves all possible cation-ordering schemes in C2 symmetry. (Space group symmetry Cm was not checked, because tetrahedral cation ordering is less likely.) For both crystals, the ideal space group, C2/m, accounted for the data better than the noncentric space group, in accord with Kato et al. (1979) . These results indicate that manganese in the mica structure does not, by itself, promote octahedral cation ordering and that different manganoan micas may have different ordering patterns. A similar situation exists for lepidolite (see Guggenheim, 1981) in which composition alone does not promote cation ordering (ordering has been attributed to parameters of crystallization other than compositional effects). However, for manganoan phlogopite, compositional effects still should be considered as a possible variable. The yellow mica from Stettin, Wisconsin (sample 22, Table 2 ), appears slightly weathered. Although this sample produced a (very weak) positive SHG response, it seems unlikely from the microprobe data that the crystalline material has the capacity for significant octahedral cation ordering. Precession photos indicate regular stacking; however, unlike any of the other studied micas that gave a signal, precession photographs also indicated significant mosaic spread. Mosaic spread is an indication of crystalline discontinuity and is analogous to the effect of line broadening observed in X-ray powder diffraction films when damage to the sample is induced by grinding. The positive SHG signal in this case is probably due to sample damage caused by the weathering. On the other hand, there is no positive evidence for this interpretation, and A1 and Si ordering in the tetrahedral sites is possible in either Cc symmetry or in domains that would space average to C2/c symmetry when studied by diffraction methods. Furthermore, mosaic spread is apparently common in the chlorites, but few chlorites show a positive SHG response.
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Chlorites
The ion microprobe data for manandonite, although not of high precision, confirm the chemistry indicated by Frank-Kamenetskii (1960) as a dioctahedral (with trioctahedral interlayer) Li,A1 chlorite with substantial tetrahedral boron. Of the twenty-nine chlorite specimens examined, only the lithium-rich varieties appear to have acentric structures. These lithium-rich chlorites, cookeite and manandonite, are distinguished by forming di,trioctahedral structures and crystallizing in the relatively rare Ia polytype. Single crystal precession photos ofmanandonite show extensive streaking (with some maxima) of the k v~ 3n type reflection for Okl nets, and although it may be argued that an approach to semirandom stacking could produce an overall structure that is noncentric, many of the chlorites in Table 3 also show such streaking, but do not give positive SHG results (in accord with expected insensitivity to asymmetries parallel to the laser beam direction as discussed above). Lister (1966) showed that cookeite usually adopts one of two layer stacking sequences based on the la polytype. One of these two forms can be well crystallized and has been reported by Bailey (1975) to occur in the ideal space group of Cc with possible octahedral and tetrahedral ordering. The second form is the more common type and is poorly crystalline; its space group has not been determined. Although additional work is required to determine if manandonite falls into the former or latter variety, the refinement of the manandonite structure to determine tetrahedral ordering of B, A1, and Si is not possible. Unfortunately, reflections of the type k ~ 3n are required in single crystal X-ray analysis to characterize tetrahedral site occupancies for the chlorites.
We note also that two chlorites examined here, which do not show a positive SHG response, have been refined successfully in noncentric space groups. These are donbassite (sample 25, Table 3 ), Novaya Zemlya, U.S.S.R. (Aleksandrova et al., 1972) , and "'corundophyllite" (sample 22, Table 3 ), Mochako District, Kenya (Steinfink, 1958) . The present results do not necessarily indicate that these refinements are in error, as a lack of signal is not definitive for centrosymmetry. 
